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THE EFFECT OF VARIOUS LEVELS OF AIR-SUPERSATURATED SEAWATER ON 
' I 
MERCENARIA MERCENARIA (LINNE), MULINIA LATERALIS (SAY), AND 
I 
MYA ARENARIA LINNE, WITH REFERENCE TO GAS-BUBBLE DISEASE 
ROBERT BISKER AND MICHAEL CASTAGNA 
Virginia Institute of Marine Science 
School of Marine Science 
College of William and Mary 
Wachapreague, VA 23480 
ABS1RACT Supersaturated seawater was produced in a flow-through system by injecting air into a pressurized seawater line. Merce,u1ria 
mercenaria, Mulinia lateralis, and Mya arenaria were exposed to several different levels of supersaturated seawater at temperatures 
ranging from 5 to 17°C. Gas-bubble disease occurred at total gas saturation levels of 108% in juveniles of M. latera/is and 114% 
in juveniles of M. arenaria. Air blisters in the tissue, flotation, and mortality were observed at these levels. Reduced growth in juveniles 
of M. mercenaria was found at a total gas saturation level of 115%. 
KEY WORDS: Gas-bubble disease, air-supersaturated seawater, Mercenaria, Mulinia, Mya, cultured bivalves 
INTRODUCTION 
Gas-bubble disease is a noninfectious disorder caused by the 
physical formation of gas emboli in blood and emphysema in 
tissues due to the uncompensated hyperbaric pressure of total 
dissolved gases (Bouck 1980). This disease has been described 
in aquactic animals by numerous authors. Weitkamp and Katz 
( 1980) reviewed the literature on the effects of air-supersaturated 
water. Harvey (1975) summarized its cause and effect in fish, and 
Colt et al. (1984) reported gas-bubble disease in bullfrog tad-
poles. This disease has also been reported in a number of in-
vertebrates, including commercially important clams, oysters,\ 
abalone, shrimp, crabs, and lobsters, (Hughes 1968; Malouf 
et al. 1972; Lightner et al. 1974; Johnson 1976; Supplee and 
Lightner 1976; Goldberg 1978; Elston 1983). 
The effect of gas bubble disease can either be acute with rapid 
mortality or chronic, often leading to secondary disease and 
gradual mortality. In bivalves it is often characterized by for-
mation of gas blisters in soft body tissues and buoyancy of the 
whole animal. 
Malouf et al. ( 1972) and Goldberg ( 1978) heated flowing 
seawater from ambient winter temperatures to about 20°c which 
caused supersaturation. The seawater was found harmful to the 
surf clam Spisula solidissima (Dillwyn), the bay scallop 
Argopecten irradians (Lamarck), the eastern oyster Crassostrea 
virginica (Gmelin), and the hard clam Mercenaria mercenaria 
(Linne). 
Determination of dissolved gas concentrations which may 
affect the bivalves either acutely or chronically would be useful 
to the culturist, since procedures can be initiated to degas 
seawater to more tolerable levels. In this study the effects of 
gas-supersaturation on the hard clam M. mercenaria, the little 
surf clam Mulinia lateralis (Say), and the soft-shell clam Mya 
arenaria Linne were examined. 
Contribution No. 1342 from Virginia Institute of Marine Science. 
MATERIALS AND METHODS 
Two groups of experiments were conducted from February 
to March 1984 and from March to April 1985 using flowing 
ambient seawater pumped from Finney's Creek, Wachapreague, 
VA. Compressed air was introduced through a needle valve, 
installed on the intake (vacuum) side of the pump to super-
saturate the seawater during delivery under normal pumping 
pressure. This supersaturated seawater was degassed in steps 
by cascading down a stairstep arrangement of four 19-l buckets 
with 4-cm diameter overflow pipes. Each bucket was vigorously 
aerated, and the overflow water fell onto a splash plate to fur-
ther degas the water as it flowed into another bucket below. 
Each bucket had a 1.3-cm diameter drain from which seawater 
flowed at a rate of 4 to 10 {,min-1 into a 54-/ polyethylene con-
tainer holding the experimental animals. Water levels were held 
, constant by a fixed standpipe. This arrangement was similar 
to that used by Goldberg (1978) and produced four different 
gas-supersaturation levels. The lowest saturation level, which 
was approximately the same percent saturation as the ambient 
water, was designated the control. Each saturation level was 
. replicated twice . 
. Experiml'.ntal animals were cultured at the Wachapregue 
laboratory and held in ambient flmving seawater prior to the 
experiment. One hundred M. lateralis and M. arenaria of ap-
·proximately 9-mm shell height (S.H.) were held on small sieves 
at the bottom of each container. In a separate experiment, three 
groups of 100 M. mercenaria with mean S.H. of 5, 10, and 
12 mm, and 100 M. lateralis of 8-mm mean S.H. were placed 
on sieves in test containers. In both experiments each sieve held 
. 25 animals. Random samples of 42 M. mercenaria from each 
size class were photocopied for later measurement of initial size 
to the nearest 0.1 mm (Haines 1973). 
Observations were made daily for 30 days and dead clams 
removed. Animals that floated as a result of gas bubbles in their 
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TABLE 1. 
Gas saturation levels (mean ± standard deviation and range) used in Experiment 1, 
with Muii11ia /ateralis and Mya are11aria, and Experiment 2, with Merce11aria 111erce11aria and M. /atera/is. 
Hyperbaric Gas Pressure % Total Gas % Oxygen % Nitrogen 
mm HG 
149 .1 ±30.26 (88-201) 119.6±3.97 (111.5-126.4) 116.6±6.39 (107 .6-131.1) 120.6 ±3.87 (112 .7-127.4) 
103 .8± 18.53 (65-132) 113 .6±2.42 (108 .5-117.4) 111.4 ±4.84 (104.8-123.4) 114.4 ±2.38 (109.6-118.7) 
58 .0± 11.19 (39-87) !07.6± 1.48 (105.2-111.3) !05 .7±3.40 (100.9-116 .0) 108.1 ± 1.58 ( 105.6- 111 .5) 
12.7± 4.36 (5-25) !01.7 ±0.58 (100.7-103 .3) 100.1 ± 1.24 ( 98.2-102.5) 102 .1 ±0.62 (!00.9-104.0) 
9.4± 12 .77 (-6.5-39.5) 101.2 ± 1.67 ( 99.2-105.2) 99.1 ±7.32 ( 89.3-117.9) !01. 8± 1.95 (100.3-!08.0) 
113.3± 10.39 (92.138) 114.8± 1.42 (111 .8-118.2) 111.0 ± 4.00 (102.1-118.6) 116.1 ± 1.62 (112.4-120.1) 
66.5± 5.64 (57-81) 108.7±0.76 (107. 3- 110.6) 106.5±3.33 (101.3-114.9) !09.4 ± 1.06 ( 107.1-112.6) 
32 .9± 4.38 (23-43) 104.3±0 58 (103.0-105 .5) !02.4 ± 1. 87 ( 99.2-107.4) 104.9±0.63 (103.0-105 .8) 
5.7± 1.40 (3-9) !00.8 ±0. 19 (100.4-101.2) 98.4± 1.55 ( 96.4-102.8) 101.4 ± 0.46 (100.3-102 .5) 










dai ly for recovery or mortality. Hard clams were held in the 
test containers 45 days, then transferred to flowing ambient 
seawater table for 5 days. Hard clams from each size class were 
randomly selected from the four treatments and photocopied for 
size determination . 
Co., Yellow Springs, Ohio) Model 58 oxygen meter with a 
Model 5775 oxygen probe. The DO meter was air calibrated 
and periodic DO read ings were compared to values determined 
from the Winkler method (Yellow Springs Instrument Co., Inc. 
1982). Water temperature , salinity, and barometric pressure 
were measured for determination of total di ssolved gas , per-
cent oxygen saturation (% 02) , and percent nitrogen saturation 
(% N2) as described by Bouck (1982). 
Dissolved gas level s of seawater in each experimental con-
tainer as well as ambient seawater were measured three or five 
times each week . Hyperbaric gas pressure was measured with 
a gasometer (Bouk 1982). Concurrent di ssolved oxygen (DO) 
measurements were taken using the modified azide Winkler 























Figure 1. Percent total gas saturation recorded during Experiment 1 
from each replicate for treatments I (0), 2 (·), 3 (0) and control (a), 
and for ambient seawater (A) with mean water temperatures. 
Hyperbaric as pressu re (GP) and percent total gas satura-
tion (% TG) were compared between replicates using a t-test. 
Replicates were then pooled and t-tests were made to compare 
adjacent treatments for GP and %TG. The mean number of days 
of surv ival (Goldberg 1978) of clams in each of the replicate 
treatments was calculated and variances between treatment levels 
compared using one-way ANOV A for M. lateralis and M. 
arenaria. Mean number of days of survival for M. mercenaria 
was calculated in each of the eight replicate sieves and variances 
between gas saturation level and clam size were compared us-
ing a two-way ANOV A. Shell heights of clams were compared 
between replicates using at-test. Shell height measurements of 
replicates were pooled for each size class and t-tests were made 
between treatments and between the initial measurements. 
RESULTS 
Means and ranges of GP, %TG, %02 , %N2 , and water 
temperature are shown on Table I and Figure I for the first 
experiment using M. arenaria and M. lateralis. Fluctuations 
in %TG were greater at higher levels. Hyperbaric gas pressure 
and % TG were not significantly different between replicates; 
however, they were significantly different (p < 0.001) between 
saturation levels. 
Means and ranges of GP, %TG, %02 , %N2 , and water 
temperature are shown on Table I and Figure 2 for the second 
experiment using M. mercenaria and M. lateralis. Fluctuations 
in % TG were less intense in the second experiment than in the 
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Figure 2. Percent total gas saturation recorded during Experiment 2 
from each replicate for treatments l (0 ) , 2 (·) , 3 (D ) and control<•), 
and for ambient seawater (b.) with mean water temperatures. 
first experiment. Significant differences (p < 0.00 I) in GP and 
%T G between replicates at the 11 2- 11 8% and 103- 106% treat-
ment levels were indicated by t-tests . Replicates for treatment 
I had G P means and ranges o f I 19 mm (98- 138 mm) and I 0 8 
mm (92- 126 111111) , respectively , and % TG means and ranges 
of 11 6% ( 11 3- 11 8% ) and 114 % ( 112- 117 %). Treatment 3 
repli cates had GP means and ranges of 35 111111 (30-42 mm) and 
30 mm (23-40 mm) , and %T G means and ranges of 105% 
( 104-106% ) and 104 % ( 103- 105 %) , respecti vely. Replicates 
within the other two treatment level s were not significantly dif-
fe rent. The poo led replicate values between the four saturation 
levels fo r GP and %TG were significantly different (p < 0.001) . 
There were no overl aps in the ranges of GP and %TG between 
treatment levels in the second experiment (Table I) . 
Li ttl e Surf clams (M. /ateralis) that were exposed to % TG 
means o f 120 . 114 , and 108% in the first experiment were 
noticeably affected , with gas bubbles clearly visible in the tissues 
o f some animal s (Figure 3). Within 2 days 26 % o f the M. 
lateralis exposed to 120 % TG floated to the surface, 5 % floa ted 
at I 14 %TG and less than I % floated at 108% TG (Figure 4) . 
None of the clams in the control ( I 02 % TG) fl oated. Mortality 
of clams that were exposed to 120 %TG began within 7 days 
wi th over 50 % dead by day 13 (Figure 5) . Survival increased 
with declining saturation levels . Clams that were held in low 
satura tion ( I 02 % TG, control) showed no visible effects but 
those that were exposed to a %TG mean of 108% showed symp-
toms of gas-bubble disease. Mean number o f days survi val fo r 
M. /ateralis was s ignificantl y lower (p = 0 .01 ) at 120% and 
I 14 %TG (Table 2). 
Littl e surf clams that were exposed to % TG means o f 11 5 % 
and I 09% in the second experiment were noticeabl y affected , 
w ith the higher saturation level being most detrimental . Gas bub-
bles we re a lso vis ible in the ti ssues of some clams . W ithin 3 
Figure 3. M11/i11ia.. lateralis with swollen foot caused by air bubbles in 
tissue (top) and Mya arenaria with air bubble under epidermal tissue 
of siphon (bottom) . 
day;; I % of the clams that were exposed to I 15 %TG fl oated 
to the surface and after iO days 96% had fl oated . One percent 
o f the clams fl oated by day 9 in the 109% TG treatment. No ne 
of the littl e surf clams that were exposed to 104 % or the con-
trol level (10 1 %) were observed fl oating. Survival was much 
lower at I 15% TG than at the other saturat ion levels (Figure 
6).
0
Exposure to 11 5% TG caused M. /ateralis to beg in dying 
wi thin 12 clays with over 50% dead by clay 17. Mean nu mber 
100 BISKER AND CASTAGNA 
TABLE 2. 
Number days survival (mean ± standard deviation) for 
Muli11ia lateralis, Mya are11aria, and Merce11aria merce11aria 
for each gas saturation level. 
%TG M. !meralis M. arenaria 
120 13 .0 ± 1.70* 27.8± 1.00 
114 2 1.6±0. 13* 29.7 ± 0.21 
108 27.8±0.40 29.7±0.39 
102 (Control) 29.5±0.31 29.7 ± 0.24 
115 17.4 ± 1. 12* 
109 29.9 ± 0.00 
104 29.7 ± 0 16 
IOI (Control) 30.0 ± 0.00 
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Figure 4. Percent of live little surf clams (M11/i11ia lateralis) floating for 
treatments having mean total gas saturation of 120%, 114%, and 108% 
in Experiment I. 
of days survival for M. laterulis was sign ificant ly lower 
(p=0.0 1) at the I 15%TG (Tab le 2) . 
Mya arenaria showed a simi lar, though less severe, response 
to supersaturation. Gas bubbles developed in the body tissues 
Bivalve Species 
M. mercenaria 
5 mm [O 111111 12 m111 
29 .4 ± 0.48 295±0.44 30.0±0 08 
30.0 ± 0.06 29. 7 ± 0.35 29.8±0.27 
30.0 ± 0 .00 29.7 ± 0.75 29.9±0.3 1 
30.0±0 10 29.7 ± 0.47 29 6±0.63 
TABLE 3. 
Shell heights (mean ± standard deviation) in 111111 
of three size classes of hard clams (Merce11aria 111erce11aria) 





5.4 ± 0.42 9.7±0.65 11 .5 ± 0.76 42 
%TG 
115 5.4 ± 0.53 9 8±0 .60 11. 5 ± 0.67 
109 6.7 ± 0.95* 11 .2± 1.37* 12.8 ± 1.20* 
104 6.5±0.94 10.9 ± 1.09* 12 8± 1.44* 
10 1 6.8 ± 0.93* 10.8 ± 1.03* 12.6 ± 1. 12* 





(Figure 3) and caused noticeable floatation (6%) at the 120%TG 
level after 4 days (Figure 7). Less than one percent of the soft 
shell clams floated at I 08 % TG and none of the control anima ls 
floated. 
Some mortalities of soft- shell clams were observed after 14 
days at 120% TG saturat ion levels (Figure 8). No significant 
differences in the mean number of clays of surv ival occurred 
between saturation levels for M. arenaria (Table 2). 
Mercenaria mercenaria did not appear to be adversely af-
fected by gas supersaturation and none was observed to float. 
The mean number of days of survival fo r M. mercenaria was 
not sign ificant ly different (p =0.0 I) between the four satura-
tion levels (Table 2); however, shell growth was significantl y 
affected at 115 % TG exposure for all size classes (Table 3). Shell 
he ights of clams for replicates of the same size class were not 
significantly different (p=0.01) . Shell heights for each size class 
exposed to 115% TG were not significantly different (p=0.01) 
from initial measurements but were significantly smaller 
(p<0.001) than S.H. measurements of clams from all other 
treatment levels . She ll heights of clams that were exposed to 
109% , 104%TG, and the control ( 10 1 %) were not significant-
ly different (p=0.01) from each other for each respective size 
class but were s ignificantl y larger (p < 0.00 I) than the init ial 
measurements . 
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Figure 5. Survival of little surf clams (M11/i11ia lateralis) for treatments 
having mean total gas saturations of 120%, 114%, 108%, and 102% 
in Experiment 1. 
DISCUSSION 
Formation of air bubbles in the tissues of M. lateralis and 
M. arenaria as well as their observed flotation are typical symp-
toms of gas-bubble disease in molluscs. Increased mortality of 
M. lateralis and slower growth of M. mercenaria at higher 
saturation levels were also the effect of gas-bubble disease. 
Previous studies by Goldberg ( 1978) indicated the detrimental 
effects of supersaturation at 114 % 02 and 195 % N 2 in the surf 
clam Spisula solidissima and the bay scallop Argopecten irra-
dians at seawater temperatures of 20°C. In this experiment gas 
satu ration means as low as 106% oxygen and 109% nitrogen 
affected M. lateralis. 
Mean hyperbaric gas pressures of58 mm (maximum 87 mm) , 
104 mm (maximum 132 mm) , and 113 mm (maximum 138 mm) 
or total gas saturation levels of 108 % (maximum 111 %), 114 % 
(maximum 117%) and 115 % (maximum 118 %) can adversely 
affect small (5-12 mm S.H.) individuals of M. lateralis, M. 
arenaria, and M. mercenaria, respectively, within the 
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Figure 6. Survival of little surf clams (M11/i11ia lateralis) for treatments 
having mean total gas saturations of 115%, 109%, 105%, and 101% 
in Experiment 2. 
as the gasometer may be used to measure total gas pressure in 
culture systems for rapid an'd convenient monitoring of gas 
saturation levels . 
The ability of gas-supersaturated water to catise gas-bubble 
disease in aquatic organisms varies between species, life-cycle 
stage, physiological condition, temperature, gas saturation level , 
and time of exposure (Goldberg 1978; Bouck 1980; Weitkemp 
and Katz 1980; Colt et al . 1984). The United States Environmen-
tal Protection Agency (1976) has proposed an upper water quali-
ty limit of 110% TG (GP = 76 mm) . This study tends to support 
such criteria for juvenile molluscs. 
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Figure 7. Percent of live soft shell clams (Mya arenaria) floating for 
treatments having mean total gas saturation of 120% and 114%. 
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Figure 8. Survival of soft shell clams (Mya are11aria) for treatments hav-
ing mean total aturations of 120%, 114%, 108%, and 102%. 
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